the Challenger Office, Murray, with the financial aid of many personal friends, founded the small Scottish Marine Station built at the margin of a submerged quarry at Granton and having as tender a small yacht the M e d u s a, fully equipped with sounding and dredging apparatus, and a floating barge laboratory the A rk.
research and he made the public offer in 1886 to hand over both the A rk and the Medusa for this purpose to a local committee. Nothing came of this offer at the time. The A r k was drawn up on the shore near Farland Point and functioned as the private laboratory of David Robertson the enthusiastic ' Cumbrae Naturalist/ It was mainly through his efforts that at long last in 1894, a local committee was got together and took over the A r k with her contents, including David Robertson's own extensive faunistic collections. The committee, realizing the desirability of a more permanent headquarters than the A rk -she was in fact destroyed by a storm in 1900-set about raising funds for the erection of a building ashore. The necessary funds were duly raised, a site near Keppel Pier was granted by the Marquess of Bute, and in May 1897 the new station was opened by John Murray -a two-storeyed building with laboratory, tankroom and living accommodation for the Curator on the ground floor, and on the upper floor the museum, to which the Robertson collections were transferred.
A n excellent account of the station and its equipment, including details of the A rk , and of the M e r m a i d,a small stea by an anonymous donor to replace the Medusa which had been taken back to the East Coast by Murray, will be found in the Handbook o f the Marine Station by the H on. Secretary, Mr John A . Todd, Glasgow, 1901 . This also includes a reprint of H . R. Mill's 'Physical conditions of the Clyde sea area. ' In January 1901 the committee adopted a formal constitution as the Marine Biological Association of the West of Scotland, its objects being defined as 'The investigation of the marine fauna and flora of the Clyde sea area, the establishment, endowment and maintenance of a biological station at Millport, or on such other part or parts of the west coast of Scotland as may from time to time be found con venient or desirable, and generally the fostering and encouragement of biological research. ' The control of the Association's affairs was vested in a general committee of over thirty members, half elected by General Meeting of the Association and half representing public bodies and scientific societies. Such a composition naturally involved divergence of personal interest on the part of individual members of the committee, some being interested in the possibilities of the station as an attractive resort for holidaymakers or as a centre for classes in nature study for teachers rather than as a centre for biological research.
In fact the early years of the Association were marked by excellent work along all these varied lines. Research was mainly faunistic, the Clyde sea area having long been a happy hunting ground for amateur naturalists who now found Millport a convenient centre.
My appointment in 1902 to the Glasgow Chair of Natural History opened up an attractive vista in the way of encouraging and helping the cause of marine biology on the Clyde, the scene of many dredging expeditions of earlier days. A part from its faunistic work and its provision of facilities for researchers there appeared to be a special call for concentration upon a programme of work for which the Clyde offered unique advantages, the investigation of the herringthe great local food fish-and its biology, more especially the intensive study of the plankton on which it feeds.
To facilitate contemplated developments the post of Director of the Station was filled in 1905 by the appointment of Stephen Pace of the Plymouth laboratory and he at once set to work with enthusiasm, one of his first tasks being to get into order the very extensive and widely scattered material relating to the Clyde fauna already in exist' ence and arranging it as a card catalogue capable of indefinite growth.
It was not long, however, before violent differences of opinion regarding developments at Millport began to show themselves, culm in' ating at the A nnual General Meeting on 27 March 1907, in a motion that * the meeting does not approve of the employment of the staff in faunistic research * and this was passed with the substitution of the words ' biological survey * for * faunistic research/ There followed the resignation of the entire body of office'bearers and their replacement by persons in accord with the resolution. It led also to the withdrawal of a large proportion of the best friends of the Millport station. Under the new regime the Director was dismissed and the Assistant Naturalist, R. Elmhirst, was appointed Superintendent. This is no place for even a brief summary of the tempestuous period following the 1907 upset. Reference to the Glasgow press during the next five years will demonstrate the violent ebullition of personal feelings which alienated the most powerful and sympathetic friends of Millport. In 1911 I made a vain attempt to have the Stations troubles referred to a tribunal of three, McIntosh, Murray and Ray Lankester, and in 1912 a conference convened by the Principal of the University was equally fruitless.
In 1914 the Association became incorporated under the Board of Trade, changing its title to the Scottish Marine Biological Association and taking additional powers to conduct examinations and grant certificates as well as to establish and maintain hostels to accommodate students and others-an action which aroused a storm of protest among those who had subscribed sums to further the original objects of the Association.
The seven signatories to the Memorandum and Articles of Associa' tion included no university professor.
During the period of severance of official relations with the Univer^ sity Department of Zoology, many important pieces of research were carried out at Millport by visiting biologists-amongst them F. W . Gamble (adaptive colouring in Crustacea), C . H . Martin and M. Robertson (Protozoa), J. Stephenson (Annelida), E. W . MacBride (Echinoderm development), V . Dogiel (Pycnogonid development). The work of such visitors was greatly facilitated by the efficient way their requirements were met by the Superintendent. In addition to his excellent management of the details of everyday administration, Elmhirst made many additions to the faunistic records in spite of the 1907 resolution.
The contemplated developments of the station and its equipment were held up by the loss of confidence among potential supporters. The special appeal made by the Committee for an endowment fund of ^25,000 had by 1912 brought in only a little over ^500. The income from ordinary subscribers showed a deficit year after year.
The Mermaid was laid up on a slip at the entrance to the Kyles of Bute where she acted as a constant irritant to biological friends of Millport passing on their way to Loch Fyne or Loch Sween. EventU' ally, in 1915, she was sold, realizing the sum of ^119, 15s. ! This period was, however, marked by several incidents of im port' ance to Scottish marine biology. The Bute Committee remained in existence until 1 9 3 6 when it was wound up and its assets conveyed to the Scottish Marine Biological Association.
Another result of the split between those now in control at Millport and the staff of the University Department of Zoology was the extension of that department's research activities beyond the actual limits of the Clyde, an extension long envisaged. A n ideal site was found in Loch Sween, a much branched arm of the sea opening into the Sound of Jura, filled with practically pure oceanic water and presenting great variety of conditions in its different parts. A general survey was made of its hydrographical conditions as well as of its fauna which latter was found to be extraordinarily rich, in particular its plankton.2
During the years immediately preceding the outbreak of war each vacation showed a party of teachers and students at Loch Sween gaining experience in marine biology while adding to the existing knowledge of the fauna of the loch. This continued during and after the war period. Specially important as a contribution to the marine biology of the west of Scotland was J. A . Kitching's study of the ecology of intertidal surfaces3 carried out in Loch Sween and the adjoining coast of the Sound of Jura. Loch Sween was also the scene of H . H . Brown's valuable studies on the tectibranch .4 The precarious state of the Millport finances with their recurring annual deficits seemed to point to a not/distant collapse and I had many discussions with John Murray as to how the position could be saved. I hoped that he might be induced to come to the rescue and himself take over the Station and eventually on 13 February 1914 he agreed to this proposition. W e had a joint meeting with Laurence Pullar, his colleague in financing the great bathymetrical survey of the Scottish lakes, and Pullar now agreed to share the financial responsi/ bility of taking over Millport. It was arranged that they should pay a visit of inspection preliminary to entering on the necessary negotiations with the Association. Unhappily Fate intervened and Murray was killed in a motor accident on 10 March, a week before the date of the projected visit.
During the period of the first world war, although no fresh develop/-ments were possible and Elmhirst was away on war service, the station was by no means inactive. Important research work on the develop/ ment of echinoderms was carried out by Gemmill (Asteroids) and MacBride (Echinoids), and classes for teachers continued.
A t last there came, in 1919, the event which rendered possible the development of the Millport station along the lines contemplated by its founders. This was the appointment of a Committee, under the chairmanship of W . B. Hardy, * to advise the Development Commissioners on the character and scope of the research required for the development and improvement of the fisheries of the United Kingdom.' A special sub/committee, including Hardy (Chairm an), Bourne, Garstang, H . H . Dale, MacBride and myself, was appointed to consider the question of grants/in/aid to independent institutions. This subcommittee at once took the initiative of getting into touch with the Millport authorities and after full inquiry expressed their desire to see established ' a biological station staffed and equipped to deal adequately with areas of such great interest to the zoologist and to fisheries as are the Clyde area and the sea off the west coast of Scotland/ and their willingness to recommend a grant for the Millport station sufficient to make possible its development into such a station. They suggested, however, certain conditions, more especially the appointment of * a strong executive committee, including representa/ tives of, and working in harmony with, the scientific staffs of the Scottish universities, and amongst them the staff of the University of Glasgow, which, owing to its contiguity, is in a position to supple^ ment the resources of the station, both in respect of staff and equip/ m ent/ The Committee also stressed that the future of the station demanded as Director * a scientific man fully trained and with a high capacity for research/ but that the appointment of director and naturalists should be delayed until men fully competent to fill these were forthcoming.
The Council of the Association at once accepted these suggestions and nominated a new Executive Committee of eleven, which included the Professors of Zoology in Glasgow, Aberdeen, Edinburgh and Dundee, and the Professors of Botany and Physiology in Glasgow.
The London subcommittee duly approved, with certain modifica/ tions as regards salaries, the recommendations put forward by this new executive committee, so far as they concerned staff, including the appointment of two chief and three assistant naturalists, but postponing the appointment of a Director until a competent man should be available. A s regards research vessels the sub/committee approved the provision of a motor barge and a fishing vessel. They pointed out that the peculiar scientific opportunities of the station lay in the fjord waters of the Scottish coast where a floating laboratory is really a necessity.
The subcommittee in addition recommended a grant for re-* conditioning the laboratory and putting it into efficient working order.
A s may be gathered a new chapter in marine biology on the west coast of Scotland was opened by the advent of the Advisory Committee on Fishery Research. Since then the Millport Station has continued under its helpful guidance and has accomplished much though hindered from time to time by disturbing factors. A s regards the barge laboratory so desirable for temporary employe ment in localities distant from the main station such as Loch Fyne or Loch Sween, the government approved the allocation of one of the hospital barges used for the transport of wounded on the rivers and canals of France and its equipment as a laboratory. Most unfortunately, the Geddes economy axe fell before the floating laboratory materialized and it still remains a desideratum.
W ith the new staff and assured future it became at last possible to envisage the special development of the station's research work which had been so far merely a dream-namely a concentrated attack on the problem of the herring which provided a fishery of immense economic importance but characterized by great fluctuations, some regular and seasonal and clearly associated with the migration of the herring round our coasts, but others quite irregular. The Loch Fyne fishery, flourishing in one season, might dwindle away almost to* nothing in the next. The usual facile explanation of a decline in a particular fishery as due to overfishing seemed clearly to be ruled out. The dependence of the herring upon plankton and the fact that the abundance of plankton in a particular locality shows also marked fluctuations suggested that the disappearance of the herring in a particular locality might mean simply their migration in search of their plankton food. The full investigation of this problem would involve inquiry along many different lines-including systematic survey of the plankton in localities where herring were particularly abundant, to determine whether there was any agreement between their abundance, an investigation into the relative importance of different types of plankton as herring food and the dependence of these in turn upon food chains of smaller organisms and eventually upon physical and chemical factors such as currents, wind, light, salinity, chemical constitution of the sea water.
The new staff, consisting of a naturalist (D r S. Marshall) and a biochemist (D r A . P. O rr), at once embarked upon the herring' plankton problem which was to keep them busily engaged up to the outbreak of war in 1939.
Their investigations provided important contributions to the advancement of our knowledge of plankton. A general survey of the Clyde plankton and its composition was followed by the working out of details-its varying abundance from time to time in particular localities and its vertical migrations: the environmental factors con/ cerned with such movements-the nature of the smaller organisms (nannoplankton) on which the larger members of the plankton subsisted (Marshall) and the conditioning factors, chemical, such as hydrogen/ion concentration, amount of free oxygen, phosphates, nitrates, silicates, and physical such as temperature, salinity, light (O rr).
Attention was more especially concentrated on finmarchicus the most important species in the food of the herring, the work being carried out by Marshall, O rr and Nicholls (Assistant Naturalist, 1931 -1939 and including the sequence in the appearance of the various stages of its life/history as a constituent of the plankton; their nocturnal migration towards the surface and their diurnal retreat to greater depths; the striking influence of light intensity on metabolism; and in general the physiology of Calanus.
These preliminary studies on the plankton as such led up to the direct investigation of the herring. Spawning in the spring/time took place in two main localities-off the S.W . of Arran, and on the Ballantrae Banks. The young herring after the disappearance of the yolk/sac were found to subsist mainly on small copepods-adults of small size or young stages of the larger species-a difference between the Clyde area and the English Channel where molluscan larvae formed an important part of the young herring's food. W hen at the end of May the second brood of Calanus was appearing the new lot of Calanus eggs became an important part of the herring's diet. A s the season went on the young herring from the A rran spawning beds migrated northwards up Kilbrannan Sound and were to be found in greatest abundance in lower Loch Fyne-being obtainable during the hours of darkness from the surface down to a depth of about five fathoms. This concentration towards the surface ceased after metamorphis at about the age of three months. The herring of about an inch and a half in length were found to have the ability to avoid the ordinary tow/net-a point of special interest to those who suspect a similar ability on the part of ordinary white fish to avoid the oncoming trawl. The concentration towards the surface was most marked about dusk and dawn while it was prevented by moonlight.
A s the work went on it became apparent that the Clyde herring included two distinct races with slightly different breeding periods. Further developments in this direction will no doubt follow the appointment as Director at Millport of one of the chief authorities on racial differences in the herring.
W hile the main investigations into the food of the herring were those on Copepods an important supplementary inquiry extending over some five years was that of R. Macdonald on Euphausids, shrimp/ like members of the plankton well known as constituting the main food of the whalebone whales, but forming also an important factor in the food of the Clyde herring. Most of Macdonald's work was done in upper Loch Fyne where the chief local species norvegica was more regularly obtainable than in the immediate neigh/ bourhood of Millport. A striking result emerging from his work was the importance of vegetable detritus brought down from the steep hillsides bordering Loch Fyne as a component of the food both of Meganyctiphanes and the allied genus Thysanoessa, a point of interest in view of the outstanding flavour and richness of the Loch Fyne herring.
Important investigations on the submarine deposits of the Clyde area had already been carried out by John Murray and J. Y. Buchanan, but a new development came from the researches of Hilary Moore. Vertical cores 3 *2 cm. in diameter and up to 40 cm. in length taken from deep water areas of fine mud were found to show stratification -analogous to that described by Schokalsky for the muds of the Black Sea and used by him to calculate the rate of deposit.
Exposure of the core of Clyde mud to the influence of light was found in the upper part of the core to show up a thin layer 1 or 2 mm. thick occurring at intervals of 3 to 7 mm. and interpreted by Moore as representing the spring diatom increase. Another worker at Millport -Blodwen Lloyd-had already shown that the surface of the mud, littered during this period with dead diatoms, is particularly rich in bacteria which may be responsible for the distinctive appearance of the layer in question. The fact that these layers are annual, correspond' ing as they do with the spring outburst of diatoms, means that they provide a time record of the rate at which the mud has been deposited. Moore's observations at one of his stations suggests a rate of deposit of about 400 cm. in a thousand years, while at the other stations it was much slower. Schokalsky's estimate of the rate of deposit of the Black Sea muds was about one metre in a thousand years.
A large proportion of the fine muds was found to be composed of faecal matter, often in the form of hard pellets of precise and unvarying shape characteristic of the species of animal to which they belong. These pellets possessed remarkable powers of resistance towards destructive agencies such as rough mechanical treatment or the action of chemical agents, e.g. boiling sulphuric acid or strong caustic soda. In agreement with this, pellets at a depth in the mud, corresponding to an age of about fifty years, were found to have retained their specific character quite unaltered.
W hen examined in detail certain of those pellets were found to possess characteristics expressive of anatomical features of the intestine in which they were formed, e.g. in the case of Nucula the faecal material, voided in the form of a continuous rod which breaks into fragments of varying length, was found to show a system of longitudinal markings corresponding to ridges in the intestinal lining and showing char' acteristic differences in the five species examined.
The specific form of these faecal pellets and their remarkable resistant qualities clearly suggest the possibility of their persistence in the muds of bygone ages occurring in the geological formations of to'day. Their investigation may be expected to provide important information not merely as to the passage of geological time but also as to elements in the contemporary fauna which have left no other trace of their existence.
During the whole period since it was taken under the wing of the Development Commissioners the Millport station has continued to render valuable service to the cause of marine biology, and in everdncreasing degree, thanks to the extensions of building, equipment and staff that government aid has rendered possible.
During the war period 1939-1945 the activities and the facilities of Millport were to a great extent switched over to National Service. Drs Orr^and Marshall investigated local marine algae with a view to preparing agar-agar suitable for bacteriological use, for supplies o f which the country had been mainly dependent on Japan. They found the local sea/weed Gigartina to possess the ne jelly'forming substances, and they were able to give valuable help towards the manufacture of agar on a commercial scale.
The problem of antifouling, so important in relation to the speed of ships, was the subject of important researches by J. E. Harris and his team working at Millport under the auspices of the Iron and Steel Institute.
Hardy made a valuable assault on the problem of tapping the surplus of plankton in the sea for use as food for man, a problem which now awaits (1) the devising of methods of tracking down concentrations of plankton and (2) the development by engineering specialists of methods for its abstraction from the sea water.
A part from such special researches the Millport station helped the Admiralty by providing facilities in the way of accommodation and access to its library.
Already during the war period, in 1942, Loch Sween became again a centre of active research, in connexion with an experiment in marine fish cultivation initiated by D r F. Gross of the University of Edinburgh, and in which an important part was played by Drs O rr and Marshall of the Millport staff. The experiment took the form of fertilizing the water of a small lagoon communicating with the main arm of Loch Sween by adding supplies of nitrate and phosphate with the object of increasing first the phyto/ and then the zoo'plankton and in this way increasing the food supply of bottom/inhabiting animals, which in turn are fed upon by fish. A resulting increase of these bottonvfrequenting animals would provide a richer food supply for the fish in the lagoon.
The most important result of this experiment, much interfered with by disturbing factors, was the demonstration of the efficacy of the fertilization in accelerating the growth of young flat fish introduced into the lagoon. Young plaice had their growth rate doubled; flounders in certain cases accomplished in less than t wo years an increase equivalent to that normal to five or six years. Gross con/ eluded as a general result of his experiment that it opened the way to marine fish cultivation and to the possibility of increasing the yield of inshore fisheries * and lead to a future when fisheries will follow the path of agriculture; when development and production will take the place of conservation and restriction/ Drs O rr and Marshall extended the Loch Sween work to the breeding and rearing of oysters. Oysters had formerly been abundant in Loch Sween as indicated by the numbers of large dead shells. In the early years of the century there was still a small fishery in Linne Mhuirich, but elsewhere they had become few and far between, although their plankton food was still abundant. The most im/ portant result now obtained was the demonstration that imported oysters planted out above mud level flourished, thus emphasizing the practicability of developing oyster fisheries in Loch Sween and other West of Scotland sea lochs remote from cities and the dangers of sewage contamination while rich in oyster food.
O n the whole the work on Loch Sween by the Millport staff pointed to the planting out of imported young oysters as affording better prospects than natural breeding, which is interfered with by local conditions such as the active competition from other organisms encountered by the oyster larvae.
In 1943 Drs Marshall and O rr submitted to the Development Commissioners a very valuable programme for the development of Scottish oyster fisheries.
The post/war years have seen in the first place a continuation of the researches already mentioned. The agar work on by Marshall and O rr has been supplemented by Conway's valuable studies of the ecology of this seaweed.
The work on antifouling has branched out into a series o f studies by Pyefinch and a team of colleagues on the ecology and life/history of various types of organism concerned in the fouling-diatoms, hydroids, polychaetes, cirripedes.
A s far back as 1926 A . C . Stephen commenced the study of the ecology of organisms inhabiting the sandy shore of Karnes Bay, Millport, with special reference to the bivalve mollusc tenuis.
These studies have continued during the intervening years and have yielded much new information on the ecology of local lamellibranchs. More recently Millport has been the scene of Yonge's important investigations into the feeding habits and correlated structural adapta/ tions in various burrowing lamellibranchs.
The general ideas regarding research contemplated at Millport may be gathered from the programme submitted to the Development Commissioners through their Post-W ar Research Sub/Committee. In this figure especially the study of the plankton community and its conditioning factors; the various invertebrates of direct importance as providing food for man-oysters, scallops, lobsters, prawns, Norway lobsters; the Clyde herring; the ecology of bottomdiving fauna.
The programme also emphasizes the importance of the station as an educational centre more especially for the training of potential research workers, upon which the future of biological and more especially fishery science so much depends.
Attention is drawn to the extraordinary natural advantages of Millport in the purity of its waters and the richness and variety of its fauna as a centre for physiological and embryological research.
Finally it is emphasized that the general sphere of Millport's activities is not limited to the Clyde sea area but includes the coasts and seadochs of adjoining portions of the Scottish coast.
The statement in question envisages enlargement of the scientific staff and equipment, much of which has already been carried out.
A s regards research vessels the position is now very different from the days when it consisted of the Medusa and
In place of the
Mermaid there is a flotilla consisting, in addition to small boats, of the 22/feet m otorboat Trivia,the 40/feet east coast fishing fitted with motor, and the newly acquired , a 75/feet fishing/ vessel built of wood with a 160 h.p. Diesel engine, and a small auxiliary Diesel for functions other than propulsion. Part of the original fish/ hold has been converted into a main laboratory, fitted with benches for biological and chemical work, while there is a subsidiary laboratory on deck. The ship is provided with electric lighting, including floods lighting for the deck when necessary, also with echo-sounding apparatus, and wireless receiver. Two sleeping-cabins, apart from the crew's accommodation, are available for members of the scientific staff when working at a distance from Millport.
The barge laboratory, so desirable for working the west coast lochs such as Loch Sween, has not up to the present materialized.
A s regards administration, according to the last published Report (1947) (1948) , there is the Council, a large body consisting of President, two Vice-Presidents, fifteen Elected Members with a three-year term of office, and twenty-one Representative Members appointed by the several Scottish universities, the Corporation of Glasgow, the Royal Technical College, the Town Council of Millport and various other public bodies.
The actual executive body is, in accord with the requirements of the Development Commissioners, a separate Executive Committee. O f this Professor C . M. Yonge, F.R.S., is Chairman, while its membership of ten includes four from Glasgow, four from Edinburgh and two from Aberdeen. It will thus be seen that the membership of the Executive Committee no longer emphasizes the special relations of the station to the University of Glasgow, while on the other hand it is in better accord with the title Scottish Marine Biological Association.
A feature characteristic of the administration of the Association throughout its past history has been the tenure of the office of Secretary and Treasurer by an independent Glasgow professional man. This system, common in local organizations, has been of distinct advantage, particularly in the matter of securing financial help from public bodies in Glasgow and the west of Scotland.
During the period before 1907 the office of Honorary Secretary was held by Mr John A iton Todd, later Professor of Economics, Nottingham, and Lecturer in the University of Oxford, who showed keen interest in the welfare of the Millport station and was responsible for the excellent handbook published in 1901. From 1907 Mr George Middleton acted as Secretary and Treasurer until his death in 1919 when he was succeeded by his partner, Mr A . Lawrie Brown. During his long period of office Mr Lawrie Brown has rendered unremitting service to the Association, not only in the way of extending its financial support by local public bodies, but also by his careful and necessary scrutiny of expenditure at Millport.
It is appropriate that this short record should close with the Annual Report of 1947-1948 for the present time marks a period in the affairs of the Association analogous with 1907 and 1922.
The new Director at Millport will have the assistance of Drs O rr and Marshall with their long and distinguished record of research in marine biology. W ith a much enlarged junior staff, including a chemist and an algologist, and with a greatly improved and up'to'date equipment, it may be confidently expected that the Millport station will continue to play an ever/increasingly important part in the develops ment of marine biological science; provided always that it continues to receive adequate financial support from Government.
